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Introduction
A large proportion of Canadians lead a sedentary lifestyle, as evidenced by a recent estimate that 63% of Canadians are physically inactive by one definition, expending less than <12.6 kJ · kg -1 · day -1 of leisure-time physical activity (Cameron et al., 2000) . Since physical activity level is the most variable component of total daily energy expenditure, it is a candidate to predict why some individuals gain weight over time while others do not. However, results from prospective observational studies are equivocal (Williamson, 1996) .
To our knowledge, only four studies have used a purely prospective design and analysis to examine the relationship between physical activity levels and weight change (Klesges et al., 1992; Lewis et al., 1997; Owens et al., 1992; Williamson et al., 1993) . One study found an inverse relationship between physical activity level and weight change in women (Owens et al., 1992) , two found no relationship in both men and women (Lewis et al., 1997; Williamson et al., 1993) , and one found an inverse relationship in women for physical activity level but not in men (Klesges et al., 1992) . To further confuse the issue, the latter study also found a positive relationship between vigorous sports activity and weight change in both men and women (Klesges et al., 1992) . Using retrospective designs, two studies have demonstrated an inverse relationship between physical activity level and previous weight change (Rissanen et al., 1991; Williamson et al., 1993) . Two additional studies have demonstrated relationships between physical activity level and weight change (Coakley et al., 1998; French et al., 1994) ; however, the authors included both baseline and follow-up physical activity levels in the same models, which limits cause-and-effect conclusions similar to the limitations inherent in cross-sectional analyses (Williamson, 1996) . Thus, the current evidence for a prospective relationship between physical activity level and weight change is weak, and there is a need for more studies using prospective designs to examine this issue.
To our knowledge, all of the studies that have examined the relationship between physical activity and changes in adiposity have relied on body mass (or BMI) as an index. Thus, the purpose of this study is to prospectively examine the relationships between baseline physical activity, aerobic fitness, and 7-y changes in adiposity in the Canadian population, using other indicators of adiposity changes (waist circumference and sum of skinfolds) in addition to changes in body mass. The changes in adiposity between the 1981 Canada Fitness Survey and 1988 Campbell's Follow-up Survey were examined in relation to baseline observations of physical activity and aerobic fitness as well as 7-y changes in physical activity levels.
Subjects and Methods

SAMPLE
The 1981 Canada Fitness Survey (CFS) was based on a representative sample of the Canadian population (Fitness Canada, 1983) , containing information on 23,400 individuals from urban and rural areas of each province. The 1988 Campbell's Survey on Well-Being in Canadians was a follow-up of the CFS and consists of 4,345 participants, most of whom took part in the original survey . Participants were given an explanation of the testing protocol and informed consent was obtained (Shephard, 1986) . The sample used in the present study includes all males (n = 602) and females (n = 644) aged 20-69 y for whom information was available for baseline physical activity and both baseline and follow-up measurements of body mass. To establish the representativeness of the present sub-sample to the entire CFS cohort, the variables used in this study were converted to age-and sex-specific Z-scores, using the entire CFS sample as the reference. The means for the variables examined in this study differed by a maximum of 0.22 standard deviation units from the reference. Thus, the present sample can be considered as acceptably representative of the larger CFS sample at baseline, and of the Canadian population in 1981.
MEASURES
Anthropometry. Anthropometric dimensions were taken following the standardized procedures of the CFS (Fitness Canada, 1981) . Body mass was measured to the nearest 0.1 kg using a standing beam balance scale (Seca). Waist circumference (WC) was measured to the nearest mm using a steel anthropometric tape at the narrowest point at the end of a normal expiration. Body mass and waist circumference were measured once at both baseline and follow-up. The body mass index [BMI, body mass (kg) / height (m 2 )] is an accepted surrogate measure of body fatness; however, since we were interested in changes in adiposity within the same participants, we chose not to use BMI as an indicator as the height of the adult participants did not change over the 7 years of follow-up. Five skinfolds, taken at the subscapular, suprailiac, triceps, biceps, and medial calf sites, were measured on the right side of the body with a Harpenden caliper to the nearest 0.2 mm. Each skinfold measurement was repeated once, and if the two measurements differed by more than 1 mm, a third measurement was obtained. The average of the measurements for each site was used to calculate the sum of five skinfolds (SF5), providing an index of subcutaneous adiposity. Unfortunately, intra-and inter-observer technical errors of measurement are not available for the anthropometric measurements in the CFS; however, the technicians underwent extensive training and their performance was monitored during the survey (Shephard, 1986) .
Physical Activity. The measures of leisure-time physical activity used in the present study were on both the continuous scale of measurement, which included time on activity (TOA) and activity energy expenditure (AEE), and categorical measures, which included the physical activity level (PAL) and physical activity intensity (PAI) as described below. The measures of physical activity were obtained from responses to an 11-page questionnaire based on the Minnesota Leisure Time Activity Questionnaire (Taylor et al., 1978) , administered once at baseline and once at follow-up. The questionnaire has been found to be moderately reliable for most measures of leisure-time physical activity, with 3-4 week test-retest correlations ranging from 0.48-0.58 in a sample of 127 Canadian adults (Weller and Corey, 1998) .
A continuous measure of daily TOA (min · day -1 ) was determined from the total time spent per year on all leisure-time physical activities, regardless of the intensity. AEE was also calculated as follows:
where N is the number of occasions of activity (i) in the past 12 months, D is the average duration in hours of that activity, and METs is the energy cost of the activity expressed as kiloJoules expended per kilogram of body weight per hour of activity (kJ · kg -1 · hr -1 ). The MET values for activities of various intensity levels has been previously established by a panel of exercise physiology experts (Bouchard et al., 1985) .
AEE was used to group subjects into four categories of physical activity levels (PAL): (a) sedentary, having an average EE under 6.3 kJ · kg -1 · day -1 (1.5 kcal · kg -1 · day -1 ); (b) minimally active, averaging between 6.3-12.6 kJ · kg -1 · day -1 (1.5-2.9 kcal · kg -1 · day -1 ); (c) adequately active, average EE between 12.6-20.9 kJ · kg -1 · day -1 (3.0-4.9 kcal · kg -1 · day -1 ); and (d) highly active, average EE greater than 20.9 kJ · kg -1 · day -1 (5.0 kcal · kg -1 · day -1 ). In addition to the PAL categories described above, the sample was separated into four physical activity intensity (PAI) groups following the criteria of Tremblay et al. (1990) : group 1, subjects reporting activities of < 5 METs for ≤ 6 months in the past year; group 2, subjects reporting activities of ≥ 5 METs but < 7 METs for ≥ 6 months in the past year; group 3, subjects reporting activities of ≥ 7 METs but < 9 METs for ≥ 6 months in the past year; and group 4, subjects reporting ≥ 9 METs for ≥ 6 months in the past year.
To examine the effect of changing physical activity levels on changes in adiposity, 1981 and 1988 AEE were divided into tertiles of low, moderate, and high physical activity. A total of 554 males and 603 females had measures of physical activity at both baseline and follow-up. Five activity change groups were created based on movement between the tertiles from 1981 to 1988, as follows: group 1 -low AEE, stable from 1981 to 1988; group 2 -increased AEE from 1981 to 1988; group 3 -moderate AEE, stable from 1981 to 1988; group 4 -decreased AEE from 1981 to 1988; and group 5 -high AEE, stable from 1981 to 1988.
Physical Fitness. Given that physical activity is a behaviour that is difficult to measure accurately by questionnaire in large surveys, an objective measure of aerobic fitness in 1981 was also investigated for its relationship with changes in adiposity. The Canadian Aerobic Fitness Test (CAFT), a submaximal incremental step test, was used to categorize participants into aerobic fitness groups (Fitness Canada, 1981; Shephard, 1986) . The participant began stepping on a portable set of double 20.3 cm steps (40.6 cm total height) to a cadence designed to elicit 65-70% of the maximal oxygen consumption (V · O 2max ) of an individual 10 years older than the participant. If, at the end of 3 minutes of stepping, the participant's heart rate was below a predefined ceiling heart rate, they were permitted to continue stepping at a faster cadence which was designed to elicit 65-70% V · O 2max of someone their own age. If, at the end of another 3 minutes of stepping at the new cadence, their heart rate was below the ceiling heart rate, they were permitted to continue to a third stepping cadence which was designed to elicit 65-70% V · O 2max of someone ten years younger than the participant. Participants were categorized into one of three groups based on their performance on the step test: recommended, completing all three levels of the test; minimal, completing two levels of the test; and undesirable, completing one or fewer of the levels of the test. A recent reliability study has demonstrated a high 3-4 week test-retest correlation (r = 0.98) for fitness scores (estimated V · O 2max ) derived from the CAFT in a sample of 97 adult
Canadians (Weller and Corey, 1998) .
Covariates . All covariates included in the analyses were obtained at baseline. Family income was obtained from questionnaire data and subject responses were allotted into one of three groups: group 1, those with family incomes less than $14,999; group 2, $15,000 to 29,999; and group 3, $30,000 and over. Smoking status was designated as: group 1, current smoker; group 2, former smoker; and group 3, never smoked. A measure of the frequency of alcohol use was constructed by grouping responses according to group 1: frequent use, for subjects who reported "1+ times a day," "4-7 times/week," or "1-3 times/week"; group 2: infrequent use, for subjects who reported "1-3 times/month" or "< once a month"; and group 3: non-drinker, for subjects who reported "do not drink alcohol."
Statistical analyses. All variables were examined for normality and transformations were performed on skewed variables. Multiple regression was used to predict changes in body mass, SF5, and WC, from 1981 measures of AEE and TOA, including baseline age, family income, smoking, alcohol use, and baseline levels of the respective adiposity measures as covariates. ANCOVA was used to test for differences in changes in adiposity within the 1981 categorical variables of PAL, PAI, aerobic fitness level, and changes in physical activity levels. Covariates also included in the ANCOVA models were baseline age, family income, smoking status, alcohol use, and baseline level of the respective adiposity measurement. Table 1 provides descriptive statistics for baseline measures of age, body mass, SF5, WC, family income, smoking status, alcohol use, physical activity, aerobic fitness, and the five categories of physical activity change. As well, the 7-y changes in the adiposity measures are shown, with positive mean changes observed for both males and females.
Results
Results of the multiple regression analyses are presented in Tables 2 and 3 . Neither AEE nor TOA are significant predictors of 7-y changes in adiposity. Baseline measures of body mass, SF5, and WC are the best predictors of their respective 7-y changes. For both sexes, the proportion of the variance attributable to the independent variables is quite low, ranging from 2% to 6% (Tables 2-3) . ANCOVA results for PAL and PAI are illustrated in Figures 1 and 2 , respectively. PALs at baseline (Figure 1) show no significant patterns relating to 7-y changes in body mass, SF5, or WC. PAI at baseline (Figure 2 ) is also not related to adiposity changes except for body mass change in females (F = 2.70, p = 0.04), where the results are statistically significant but not in the expected direction (i.e. second intensity group has least weight gain). Results from the ANCOVA for physical activity change on 7-y changes in body mass are presented in Table 4 . There are no differences between groups in which physical activity levels increased, decreased, or maintained a low, moderate, or high level, relative to others in the sample. Similar results were obtained when changes in physical activity levels were related to changes in SF5 and WC (results not shown).
The results of the ANCOVAs for body mass changes across baseline levels of aerobic fitness, predicted from the CAFT, are presented in Figure 3 . There was no association between aerobic fitness at baseline and 7-y changes in body mass. It should also be noted that the results for SF5 and WC were similar (results not shown). 
Discussion
The present study used a representative sample of the Canadian population to investigate whether physical activity levels could predict changes in adiposity during adulthood. The results showed 7-y gains in adiposity from baseline to followup, however, the amount of change incurred did not relate to physical activity or aerobic fitness at baseline. Several factors may have attenuated the expected relationship between physical activity and 7-y changes in adiposity. First, without knowledge of energy intake, an important aspect of the energy balance equation is missing and this potentially confounding variable could not be statistically controlled for. Thus, differences between AEE groups may have been tempered by variations in energy intake. Second, the use of a questionnaire to quantify physical activity, while common in epidemiological studies, is subject to inaccuracies from the subjective recall of past physical activity performed and from questionnaire interpretation problems. Unfortunately, more accurate means of measuring physical activity, such as accelerometers or heart rate monitoring, are inconvenient and too expensive for large, population-based research (Ainsworth et al., 1994) . On the other hand, there was also no relationship between an objective but field measure of aerobic fitness at baseline and the changes in adiposity observed in the present study. The focus of the present study was on leisure time physical activity rather than occupational physical activity. Perhaps levels of physical activity at work may be mediating the effects of leisure time physical activity on weight change. Finally, although there were 1,246 participants in the present study, the sample size was somewhat limited when broken down by gender (602 males and 644 females). Although this shouldn't affect our point estimates, it may partially explain the lack of statistically significant differences.
It has been shown that physical activity level is more stable over shorter than longer time intervals (Malina, 1996) . Hence, predictions of future adiposity changes from physical activity levels should be most accurate with short time intervals, since physical activity levels at baseline and follow-up will be more similar. This Figure 1 . ANCOVA results for changes in body mass (BM), sum of five skinfolds (SF5), and waist circumference (WC), by physical activity levels (PAL) ranging from a low of 1 to a high of 4 (based on kJ · kg -1 · hr -1 of activity energy expenditure), for males (black bars) and females (white bars). Means are adjusted for the effects of baseline adiposity, age, smoking status, alcohol consumption, and family income. appears to be true, as the studies that have found a significant negative relationship between baseline physical activity levels and subsequent changes in body mass (French et al., 1994; Klesges et al., 1992; Owens et al., 1992) have used relatively short follow-up intervals ranging from 2 to 3 y. Studies finding no relationship between physical activity and adiposity change, as in the present research, have typically used longer follow-up intervals. For example, baseline physical activity levels were unrelated to changes in body weight over 7 years in the CARDIA study (Lewis et al., 1997) , and an analysis of the NHANES-I study found recreational physical activity levels reported at baseline had no relationship to weight gained over a 10-y follow-up period (Williamson et al., 1993) . In the present study, physical activity measurements were taken 7 y apart with no inter-period measures, thus it is unknown at what point(s) physical activity levels may have changed during the study interval, nor for how long the changes may have been maintained. This factor may also have reduced the effect of baseline physical activity level on adiposity change. Physical activity levels have low to moderate stability over time (Malina, 1996) , and as a result, the effect of changes in physical activity levels on changes in adiposity is an important consideration. To date, the studies that have examined the relationship between longitudinal changes in physical activity levels and changes in body mass have found inverse relationships in women (Owens et al., 1992) , and in both men and women (Coakley et al., 1998; Schmitz et al., 2000; Taylor et al., 1994; Williamson et al., 1993) . One study found a significant relationship for changes in work-related activity in women but no association in men (Klesges et al., 1992) , while another study found a relation between 7-y changes in aerobic fitness and changes in body mass, but not changes in physical activity (Lewis et al., 1997) . Further, an analysis from the Aerobics Center Longitudinal Study reported that improvements in aerobic fitness in the first 1.8 years of follow-up were associated with less weight gain over the entire 7.5 years of follow-up in both men and women (DiPietro et al., 1998) .
Results from the present study however, suggest that changes in physical activity levels are not associated with 7-y adiposity changes. The way in which physical activity is operationally defined presents a possible explanation for the contrary results found in the present analysis, compared to other studies. Examples from past studies include self-reported recreational physical activity level (low, medium, and high) (Williamson et al., 1993) , hours per week of vigorous activity (Coakley et al., 1998) , weekly kilocalories expended (Owens et al., 1992) , and work, sport and nonsport leisure time activity scores (Baecke scale) (Klesges et al., 1992) . The present analysis considers physical activity change in terms of movement, relative to the sample, between tertiles of AEE at baseline and followup only. A recent analysis from the CARDIA study highlighted the importance of obtaining multiple measurements of physical activity across the follow-up period (Schmitz et al., 2000) . A previous analysis of the CARDIA data had revealed no relationship between changes in physical activity and changes in body mass over 7-y of follow-up (Lewis et al., 1997) ; however, combining multiple (five) measurements of physical activity and body weight over time (10-y of follow-up in this study) with a different analytical approach lead the authors to conclude that a significant inverse relationship existed between changes in physical activity and changes in body weight over ten years (Schmitz et al., 2000) .
Physical activity level is the most variable component of total daily energy expenditure and would therefore seem to be a good candidate to explain differences in weight gain among individuals. On the other hand, physical activity is a behavior and a component of one's lifestyle; thus it is difficult to measure accurately. Perhaps individual differences in physical activity levels that are too small to be detected with a questionnaire could be important in explaining long-term weight gain. Alternately, the interactions among physical activity and potential metabolic predictors of weight changes, such as resting metabolic rate or respiratory quotient, must also be considered to enhance the prediction of changes in adiposity from components of daily energy expenditure. More prospective work is required, using multiple measures of energy expenditure, from resting to vigorous activity levels, to better identify the true metabolic predictors of weight gain.
In summary, neither baseline physical activity and aerobic fitness levels, nor changes in physical activity from baseline to follow-up, were predictive of 7-y changes in body mass, SF5, or WC. Plainly, the development of obesity is complex and not likely due to any single factor. The current industrialized, computerized environment fosters conditions for low physical activity and high energy intake, which tends to promote a positive energy balance. Multivariate longitudinal investigations, taking into account all components of the energy balance equation, are necessary to understand why some individuals gain weight over time while others do not. Future studies should include repeated measurements of physical activity and lifestyle behaviors throughout the study interval so that changes can be assessed within shorter follow-up periods. The importance of understanding the determinants of body mass and adiposity change is clear, the increasing prevalence of obesity in our society represents a significant public health threat.
